Abstract
Introduction
Ulcerative colitis (UC) is a chronic inflammatory bowel disorder associated with functional changes, including abnormal colonic motility and transit, which may contribute to abdominal pain and diarrhoea [1] [2] [3] experienced by patients with active disease or in remission [4] . These motor disturbances are suggestive of alterations of colonic neuromuscular components, including enteric neurons, interstitial cells of Cajal (ICC) and smooth muscle cells, whose structural and functional integrity are essential requirements to ensure physiological patterns of coordinated motor activity in the gut [5] [6] [7] [8] .
Although colonic dysmotility in UC patients has been well established, scarce attention has been paid to underlying alterations of the anatomical structures involved in the control of large bowel neuromuscular activity. Furthermore [9] [10] [11] . Based on the above considerations, and following the recommendations issued by the International Working Group on Gastrointestinal Neuromuscular Disease [9, 10] , we designed the present study, which was conducted on left colonic samples from UC patients and control Fig. 2A) , whereas a loss of myenteric neurons and glial cells was observed in UC patients (Fig. 2B) . (Fig. S1; Table S1 ). Linear regression analysis among patients showed that neuron density correlated significantly both in controls (r ϭ 0.918, P ϭ 0.0002) and UC patients (r ϭ 0.632, P ϭ 0.0496). Likewise, significant correlations were found for glial cell density in control patients (r ϭ 0.890, P ϭ 0.0006) and UC patients (r ϭ 0.754, P ϭ 0.0117) (Fig. S2) . (Table 3) . (Fig. 5A, B) . A significant decrease in ICC area was observed in UC patients, in whom ICC covered an area corresponding to 0.62 Ϯ 0.18%, as compared to 3.49 Ϯ 0.94% detected in control patients (Fig. 5C ). [1, 3] . This carefully regulated neural/myogenic network is markedly altered in the setting of bowel inflammation, resulting in gut dismotility [5, 17] . However, despite the increasing incidence of UC and its debilitating symptoms, few studies have evaluated the occurrence of morphological alterations in the anatomical structures regulating colonic motility. Previous histopathological data suggested that the ENS and ICC can be targeted by the inflammatory disease in patients with UC [14, 17, 18] . However, there is also evidence suggesting that a primary damage to the enteric glia can cause
patients, with the purpose of performing an accurate and standardized quantitative immunohistochemical analysis of the neuralglial components of myenteric ganglia and ICC populations in this gut region. Gaining knowledge in this setting is critical for a better definition of mechanisms underlying colonic dysfunction in patients with UC.

Materials and methods
Patients and tissue samples
Table 3 Density of myenteric neurons (N) and glial cells (GC), ICC and mast cells in the neuromuscular compartment of left colon in control patients (C) and UC patients (UC)
Marker
CM (circular muscle), MP (myenteric plexus), LM (longitudinal muscle); values are expressed as mean Ϯ S.D. of cell density (cell number/mm 2 ); a P-value Ͻ0.05 was considered statistically significant by Student's t-test (UC versus controls).
Data obtained from neuron and glial cell counting were analysed by linear regression. Significant correlations between neuron or glial cell counts and the respective ganglionic areas were observed in all control patients, whereas only two UC patients showed significant correlation for neurons and seven patients for glial cells
c-Kit ؉ cells: ICC and mast cells
A marked c-Kit immunoreaction was detected in the ICC of neuromuscular layer and mast cells (used as internal controls) (Fig. 3A). In colonic specimens from control patients, c-Kit immunoreactive ICC appeared as dendritic cell bodies typically located within the CM (ICC-CM) and LM (ICC-LM) layers as well as in the MP (ICC-MP) (Figs 3, 4A, D, G and 5A). Intramuscular ICC were spindle-shaped cells with long bipolar processes mostly running parallel to the axis of smooth muscle cells (Fig. 3B). In the intermuscular region, ICC-MP appeared as multipolar cells and formed a network encasing the myenteric ganglia (Figs 3C and 4D). In colonic samples from UC patients, the overall morphological appearance and distribution pattern of ICC were markedly altered: the c-Kit
Quantitative analysis of the area covered by ICC was performed on c-Kit immunostained slides without counterstaining
Discussion
Enteric neurons and glial cells, together with ICC, represent the main regulators of motor functions in the gut wall, ensuring coordinated patterns of smooth muscle activity
Fig. 3 Full-thickness normal human left colon immunostained for c-Kit to detect the ICC (black stain), counterstained with nuclear fast red. ICC (A) are typically distributed within the CM (ICC-CM) and LM (ICC-LM) layers as well as along the MP (ICC-MP); markedly immunoreactive mast cells are present in the external muscular layer (arrows) (B) a bipolar ICC orientated along the main axis of smooth muscle cells in the circular layer (C) a representative example illustrating ICC-MP with their numerous processes in the myenteric plexus (MP) region. Scale bars: 50 m (A) and 25 m (B, C).
inflammatory bowel disease, leading to secondary alterations of enteric neurons [19] . The present study was performed to examine the cell composition of myenteric ganglia and ICC distribution in the colon of UC patients in accordance with recently identified technical and methodological criteria of crucial importance for a correct interpretation of neuronal-glia-ICC data [9, 10] .
Significant quantitative changes in both myenteric ganglia and ICC were detected by our analysis. Myenteric ganglia were markedly altered in all colonic samples from UC patients. In accordance with previous reports [13] [10, 12, [20] [21] [22] , and it has been included among the neuronal markers recommended for immunohistochemical studies of gastrointestinal neuromuscular diseases [9] . [14, 17, 18] , secondary changes reflecting primary glial damage [19] or inflammatory-related remodelling processes, thereby leading to alterations in the mechanical properties of colonic wall.
Fig. 4 Evaluation of distribution, morphology (A, B, D, E, G, H) and counting (C, F, I) of c-Kit immunolabelled and nuclear fast red-counterstained ICC (black) at the level of CM (ICC-CM) and LM (ICC-LM) layers, and the myenteric plexus region (ICC-MP) of full-thickness human left colon in control patients (A, D, G) and UC patients (B, E, H). In colonic specimens from UC patients, few ICC are detectable and they appear markedly altered: most of them exhibit blunted and shortened branching (B, E, H). Column graphs display ICC counting (white: control, black: UC) which is given as means Ϯ S.D. of individual ICC densities normalized to area (mm 2 ) for ICC-CM (C), ICC-MP (F) and ICC-LM (I)
Whether mast cells play also an active role in the pathophysiology of inflammation in UC remains to be determined. This is a relevant issue, because in the human gut mast cells are involved in the maintenance of intramuscular ICC viability, through paracrine production of the stem cell factor, which acts as a ligand for the c-Kit receptor [31] . In addition, mast cells can contribute to fibrogenesis and neuroplasticity [32] and possible functional interactions between mast cells and ICC have been suggested in intestinal muscularis externa [33] . However, these cells have been also found to reduce myenteric neuron survival in culture [34] . In the present study, we observed increased numbers of mast cells within the colonic neuromuscular compartment. These findings are in line with previous studies showing a significantly increased mast cell density in the colonic muscle layer of UC patients [32] .
In 
